Abstract: Cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4)
C ytotoxic T-lymphocyte associated antigen-4 (CTLA-4) is an immunoregulatory molecule expressed by activated T cells and a subset of regulatory T cells. The state of activation of a lymphocyte depends on the simultaneous engagement of costimulatory receptors as well as on the engagement of its Tcell receptor, which induces interleukin (IL)-2 production, proliferation, and differentiation of the T cell. Engagement of B7 molecules on the surface of antigen-presenting cells with CD28 on the surface of T cells activates the T cell. In contrast, reaction with CTLA-4 on the T cell inhibits activation.
In patients with advanced melanoma, we have reported that administration of anti-CTLA-4 antibody mediated objective cancer regression in 13% of patients. 1 This study as well as the treatment of additional patients established that the blockade of CTLA-4 was associated with grade III/IV autoimmune manifestations in 25% of patients (14 of 56 patients, unpublished data). These manifestations included dermatitis, enterocolitis, hepatitis, uveitis, and hypophysitis. Since our initial report, 2 we have accumulated 7 additional patients with anti-CTLA-4 antibody-induced autoimmune hypophysitis. These 8 patients are the focus of this report.
PATIENTS
As of January 1, 2005, 163 patients with advanced melanoma or renal cell cancer have been enrolled and evaluated on 3 separate institution review board (IRB)-approved clinical trials for infusion of human monoclonal anti-CTLA-4 antibody (MDX-010; Medarex) at the Surgery Branch, National Cancer Institute (NCI). All patients had a staging evaluation that included physical examination; blood hematology and chemistry tests, computed tomography (CT) scans of the chest, abdomen, and pelvis; and brain magnetic resonance imaging (MRI). One hundred thirteen patients with metastatic melanoma (79 men and 34 women) and 50 patients with metastatic renal cell cancer (39 men and 11 women) have been evaluated. Eight of these patients (4.9%) have developed autoimmune hypophysitis while receiving anti-CTLA-4 antibody. Table 1 details the characteristics of these patients.
All patients received the anti-CTLA-4 antibody intravenously every 3 weeks. Patients 3 and 4 with renal cell cancer received a dose of 3 mg/kg. Patient 3 received a total of 4 doses, and patient 4 received 5 doses. Patient 2, previously reported in the literature, 2 who had melanoma, received anti-CTLA-4 antibody at a dose of 3 mg/kg given in combination with GP100:209-217 (210 m) and GP100:280-288 (288v) peptides emulsified in Incomplete Freund's Adjuvant (IFA) administered every 3 weeks for 5 cycles. The remaining 5 patients, all with melanoma, were treated with anti-CTLA-4 antibody in an intrapatient dose-escalating fashion. Dosing for these patients was started at 3 mg/kg and escalated after 2 doses if an objective tumor response was not obtained. All dosing ceased if grade III/IV toxicity occurred. Patient 1 received 5 doses in total and reached a maximum dose of 9 mg/kg. Patient 5 received 6 doses and reached a maximum dose of 9 mg/kg. Patients 6 and 7 each received 7 doses, patient 6 reached a maximum dose of 5 mg/kg, and patient 7 reached a maximum dose of 9 mg/kg. Patient 8 received 9 doses and reached a maximum dose of 9 mg/kg. Six (5%) of 113 patients with metastatic melanoma and 2 (4%) of 50 patients with metastatic renal cell cancer developed hypophysitis. Five of these patients had an objective tumor response to anti-CTLA-4 antibody, including 1 patient with a complete response. Five patients had previous IL-2 treatment: 1 with low-dose IL-2 treatment and 4 with highdose IL-2 therapy. The minimum duration of antibody therapy before the onset of symptoms was 9 weeks (4 doses). All the patients with hypophysitis were male.
CLINICAL FINDINGS
The clinical findings and associated endocrine abnormalities for these patients are presented in Table 2 . Symptoms included profound fatigue that interfered with activities of daily life, debilitating headaches that necessitated intravenous narcotics in some cases, memory loss, and loss of libido. Seven of the 8 patients with autoimmune hypophysitis had an increase in the size of the pituitary gland with evidence of suprasellar extension. The eighth patient was found to have an empty sella before enrollment in the protocol.
To determine whether pituitary gland enlargement was unique to patients with evidence of hypophysitis, pituitary gland measurements for these patients were compared with measurements of 5 patients on this protocol treated with anti-CTLA-4 antibody who had autoimmune symptoms other than hypophysitis and with 6 patients treated with anti-CTLA-4 antibody who had no autoimmune symptoms. These data are presented in Table 3 . The pituitary gland was measured on a sagittal MRI section by recording the longest height of the gland. In our studies, brain MRI scans were performed at the end of each course of therapy or when symptoms developed. Seven of 8 patients with hypophysitis had more than a 60% increase in the size of their pituitary gland, and 5 of these patients had a greater than 100% increase in the size of their pituitary gland (see Table 3 ). In contrast, 6 patients chosen at random from these protocols without evidence of autoimmune side effects and 5 patients chosen at random with evidence of autoimmune side effects other than hypophysitis demonstrated minimal if any increase in pituitary gland size. Figure 1 illustrates the typical MRI findings associated with hypophysitis. Table 4 lists the serum levels of cortisol, corticotropin, free thyroxine, thyroid-stimulating hormone (TSH), and total testosterone for each patient with hypophysitis. Before anti-CTLA-4 antibody infusion, all patients had normal endocrine function. Levels obtained when patients were symptomatic document clear evidence of panhypopituitarism. All patients had low levels of cortisol, and 7 of these patients showed inappropriately low levels of corticotropin. In addition, TSH levels were documented to be inappropriately low for all 8 patients, given the corresponding levels of free thyroxine. Finally, 7 of these men developed low serum testosterone. Two of 8 patients had elevated prolactin levels.
CLINICAL COURSE
All 8 patients had resolution of their symptoms once anti-CTLA-4 antibody dosing was discontinued and steroid, thyroid, and testosterone replacement was initiated. Because of the concern that exogenous steroids might reverse tumor regression, the first 3 patients were treated for panhypopituitarism with physiologic doses of steroids, thyroid hormone, and testosterone. An attempt was made to wean patient 2 off hormone replacements approximately 2 years after the diagnosis of hypophysitis. His testosterone replacement was discontinued, and his levothyroxine was transitioned to liothyronine, which was then temporarily discontinued. The patient developed memory loss and fatigue after replacements were stopped. Free T4, TSH, and corticotropin levels were all low at this point. His thyroid and testosterone replacement hormones were reinstituted, with subsequent relief of symptoms.
In an effort to reverse the anti-CTLA-4 antibody-induced panhypopituitarism, we elected to treat subsequent patients with a short course of intravenous high-dose dexamethasone. This strategy was based on our experience that other autoimmune side effects associated with anti-CTLA-4 antibody infusion, such as colitis, have been rapidly and permanently reversed with short courses of dexamethasone. In addition, in patients with objective tumor responses to anti-CTLA-4 antibody, this steroid therapy seemed to have no adverse impact on tumor responses. Consequently, 4 patients were first treated with intravenous dexamethasone (4 mg every 6 hours) for 7 days and then rapidly tapered to maintenance doses of hydrocortisone. These patients were also treated with replacement thyroid hormone and testosterone if indicated. On follow-up, 3 patients treated with this strategy have demonstrated some return of pituitary function. Patient 5 was started on high-dose steroids for 1 week and then rapidly tapered to replacement levels of hydrocortisone. He was also started on replacement levothyroxine and testosterone. The patient returned for repeat laboratory tests after his steroid taper and was instructed to discontinue testosterone replacement a week before his next evaluation. His subsequent evaluation demonstrated that his corticotropin level had increased and his testosterone, TSH, 
DISCUSSION
Autoimmune hypophysitis (also known as lymphocytic hypophysitis) is a rare autoimmune disease characterized by infiltration of the pituitary gland by lymphocytes, plasma cells, and macrophages. 3 This infiltration causes an impairment of pituitary gland function. Autoimmune hypophysitis typically has a strong female predilection. Women are affected 9 times more frequently than men and at an earlier age. Most patients are affected during late pregnancy or in the postpartum period. Because this disorder is associated with an enlargement of the pituitary gland, patients frequently present with headaches, visual field impairment, and, rarely, diploplia. 4 The diagnosis of autoimmune hypophysitis is supported with the correlative findings of pituitary enlargement on MRI. It has been reported that the first and most frequent pituitary hormone to be affected by autoimmune hypophysitis in these patients is corticotropin. 5 Prolactin levels, conversely, tend to be elevated in patients with this disorder. This may be attributable to pressure effects on the infundibulum. Hyperprolactinemia affects one third of patients and can cause amenorrhea in woman and sexual dysfunction in men. 6 The prognosis of patients with autoimmune hypophysitis is variable. Patients may remain asymptomatic, have spontaneous resolution of their hypophysitis, or, at the opposite end of the spectrum, progress to pituitary fibrosis and panhypopituitarism.
Although there is no consensus regarding therapy, there are several treatment options available. Replacement therapy or isohormonal therapy has been shown to restore some endocrine function in other autoimmune endocrine diseases but has not been tested in autoimmune hypophysitis. 7 High-dose methylprednisolone pulse therapy seems to be effective in approximately 30% of patients, 8 and positive results have also been reported with cyclosporin A. 9 Although autoimmune endocrinopathies such as hyperthyroidism, hypothyroidism, and insulin-dependent diabetes are recognized side effects of immunotherapy, hypophysitis in this setting seems to be rare. 10 The clinical evidence strongly suggests that our patients developed autoimmune hypophysitis as a consequence of anti-CTLA-4 antibody infusion. All our patients developed symptoms and laboratory abnormalities consistent with panhypopituitarism. Seven patients showed clear evidence of pituitary gland enlargement, and the patient without gland enlargement had an empty sella at baseline. In addition, exogenous steroid hormone replacement eliminated the associated clinical symptoms and reduced pituitary enlargement on follow-up MRI evaluations. Finally, our group has shown that the administration of multiple doses of anti-CTLA-4 antibody (along with peptide vaccination) in patients with melanoma can be associated with the development of other grade III/IV autoimmune toxicities, including dermatitis, enterocolitis, and hepatitis.
1,2 It has also been recognized that the development of autoimmunity correlates with tumor regression.
1,2
The clinical evidence is convincing that our patients developed autoimmune hypophysitis as a consequence of anti-CTLA-4 antibody infusion. The cellular mechanisms of anti-CTLA-4 antibody that can generate tumor regression and autoimmunity have not been clearly elucidated. It is known that mice deficient in CTLA-4 develop autoimmunity and lethal lymphoproliferative disease. [11] [12] [13] It has also been recognized that CTLA-4 gene polymorphisms in human beings can be associated with autoimmune diseases.
14 Based on a phase 1 trial of anti-CTLA-4 antibody and vaccinations with multiple melanoma peptides in patients with stage III or resected stage IV melanoma, Sanderson et al 15 have suggested that polymorphisms for CTLA-4 correlate with the development of autoimmunity in these patients. Another possibility for the development of hypophysitis in our patients may be autoimmune antibodies directed against the pituitary gland. Previous reports have shown that anti-CTLA-4 antibody can stimulate low titers of autoantibodies. 16 It is our plan to determine the presence or absence of anti-pituitary antibodies in these patients.
Based on our experience, we recommend that patients receiving anti-CTLA-4 antibody be closely monitored for autoimmune endocrinopathies. Baseline and sequential levels of cortisol, corticotropin, free thyroxine, and TSH as well as testosterone should be obtained. Baseline MRI evaluation of the pituitary gland should be obtained, and repeat MRI evaluation should be considered in patients with evidence of panhypopituitarism or with complaints of headaches or visual changes. The MRI finding of pituitary enlargement may precede laboratory or clinical evidence of autoimmune hypophysitis.
The optimal treatment of autoimmune hypophysitis associated with CTLA-4 blockade remains to be defined. Patients receiving anti-CTLA-4 antibody who show evidence of autoimmune hypophysitis require that the antibody infusions be discontinued and that the necessary physiologic hormone replacements be instituted. We have been encouraged by the fact that 3 patients treated with a short course of high-dose dexamethasone followed by physiologic hormone replacement have demonstrated partial recovery of pituitary function, and this remains our current treatment strategy.
Our group has documented that infusion of human anti-CTLA-4 monoclonal antibody can mediate objective tumor responses in patients with advanced renal cancer and melanoma and that this therapy is associated with autoimmune hypophysitis as well as other autoimmune toxicities. Of the 8 patients reported here with autoimmune hypophysitis, 5 had objective tumor responses. This is consistent with previous reports that document an association between autoimmunity and tumor response. 1, 2 We are continuing to investigate the potential use of this antibody for the treatment of patients with cancer.
